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LQWKHGDWDEDVHRI,QWHUQDWLRQDOSROLFH,QWKLVFDVHIDFHVNHWFKRIFULPLQDORQWKHEDVLVRIRQORRNHUVVWDWHPHQWPD\
EHYHU\FULWLFDOFOXHIRUFDWFKLQJWKHFULPLQDO7RGUDZWKHIDFHVNHWFKRIWKHFULPLQDORQWKHEDVLVRISHUFHSWLRQV
EDVHG YHUEDO GHVFULSWLRQ RI WKH RQORRNHU LV VWLOO LQ LQIDQF\+RZHYHU WKH SURPLVLQJZRUN LV EHLQJ FDUULHG RXW LQ
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+RZHYHULQSHUFHSWLRQEDVHGLPDJLQJGRPDLQ6NHWFKLQJ:LWK:RUGV6::LVDZHOOHVWDEOLVKHGPHWKRGRORJ\
LQ ZKLFK WKH REMHFWV RI FRPSXWDWLRQ DUH IX]]\ JHRPHWULF REMHFWVIREMHFWV7KH SUREOHP RI VNHWFKLQJ RI IDFH LV
DXJPHQWHGE\WKHLQYROYHPHQWRIXQFHUWDLQW\LQWKHSHUFHSWLRQEDVHGQDWXUDOODQJXDJHVWDWHPHQWVZKLFKLVFDXVHRI
FRQFHUQIRUSUREOHPVZKLFKKDVWREHGHSHQGVROHO\RQLWIRULWVTXDOLW\RIUHVXOWV7KHRQORRNHUVNQRZVGLIIHUHQW
IHDWXUHV WKDW FROOHFWLYHO\GHVFULEH WKHFRPSOHWH IDFHEXWGRHVQRWNQRZSUHFLVHO\KRZ WRFRPELQH WKHVH IHDWXUHV
+HQFH WKHUHPD\ EH YHU\ IDLU FKDQFHV RI WUDSSLQJ RI VRPH LQQRFHQWZKHUH WKH GHFLVLRQ RI FODVVLI\LQJ D IDFH DV
FRPSOHWHO\DFFHSWDEOHRUXQDFFHSWDEOH,QWKLVSDSHUZHKDYHHQKDQFHGWKHH[LVWLQJV\VWHPE\XVLQJWKHFRQFHSWRI
IX]]\VLPLODULW\IVLPLODULW\DQG2:$RSHUDWRUVZKLFKDUHLQWURGXFHGE\<DJHU7KHFRQFHSWRIIVLPLODULW\DQG
SURSHUDJJUHJDWLRQRIFRPSRQHQWVRIIDFHPD\SURYLGHPRUHIOH[LELOLW\WRRQORRNHUV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,QSURSRVHGZRUNIDFLDOGHVFULSWLRQJLYHQE\WKHRQORRNHUVLVUHFRUGHG7KHUHDIWHULWLVFRPSDUHGZLWKVWRUHGIDFLDO
LPDJHV GHVFULSWLRQ 7KH IVLPLODULW\ ZLWK GLIIHUHQW IDFHV LQ GDWDEDVH LV HVWLPDWHG E\ XVLQJ µDVPDQ\ DV SRVVLEOH¶
OLQJXLVWLFTXDQWLILHUDQGWKHQDUDQNLQJRIIDFHLVJHQHUDWHGE\XVLQJUHOHYDQFHPDWUL[
6::LVLQVSLUHGE\WKHFRQFHSWRI)X]]\*HRPHWU\IJHRPHWU\DQG&RPSXWLQJ:LWK:RUG&::WHFKQLTXH
ERWK JLYHQ E\ =DGHK WKH IDWKHU RI IX]]\ ORJLF =DGHK UHYHDOV WKH FRQFHSW RI IX]]\ YDOLGLW\ I YDOLGLW\ DQG I
VLPLODULW\IRUWKHILUVWWLPH7KHIYDOLGLW\LVDPHDVXUHRIWKHGHJUHHRIEHORQJLQJQHVVRIDQ\IREMHFWVZLWKUHVSHFW
WRFRUUHVSRQGLQJFULVSJHRPHWULFREMHFWV ,Q IJHRPHWU\DQ\ WZR IREMHFWVDUHVDLG WREH IVLPLODU LIERWKRI WKHP
KDYHVDPHVKDSH
6LJQLILFDQW FRQWULEXWLRQ LQ 6:: LV JLYHQ E\ ,PUDQ DQG %HJ 'LIIHUHQW IREMHFWV KDYH EHHQ GHILQHG E\
'LIIHUHQWIX]]\LPDJHVDUHUHWULHYHGRQWKHEDVLVRISHUFHSWLRQV6LQFHPRVWRIWKHKXPDQSHUFHSWLRQVDUHIX]]\
IRUH[DPSOHZKHQRQORRNHUJUDQXODWHVIDFHLQWRJUDQXOHODEHOWKHQWKHVL]HRIIDFHSDUWLVDIX]]\YDOXH+HQFH
WKHFRQFHSWRIIX]]\JUDQXOHKDVEHHQDSSOLHGIRUIDFHUHFRJQLWLRQ:HKDYHDOVRDSSOLHGWKHFRQFHSWRISRVVLELOLW\
GLVWULEXWLRQ ZKLFK LV XVHIXO LQ UHSUHVHQWLQJ QDWXUDO ODQJXDJH VWDWHPHQW LQWR *HQHUDOL]HG &RQVWUDLQWV /DQJXDJH
*&/7KHFRPSUHKHQVLYHUDQJHRIFRQVWUDLQWVLQ*&/PDNHVWKLVODQJXDJHPXFKPRUHFRPPXQLFDWLYHODQJXDJH
WKDQWKHRWKHUODQJXDJHVRISUHGLFDWHORJLF9LVKZDNDUPDQRUPDOL]HGWKHLOOXPLQDWLRQRIIDFHE\XVLQJIX]]\ILOWHU
ZKHUHDV:DQJHWDOKDYHGHWHUPLQHGWKHVKDGRZDQGFRPSHQVDWHWKHVKDGRZRIIDFHV IRUUHFRJQLWLRQRIGLIIHUHQW
W\SHRIIDFHV:DQJHWDOKDYHSURSRVHGIX]]\H[WHQVLRQPDWUL[EDVHGDSSURDFKIRUIX]]\UXOHJHQHUDWLRQ,Q
DXWKRUVRSWLPL]HGWKHSDUWLFOHVZDUPIRUGHWHUPLQLQJIX]]\PHDVXUHVIURPGDWD3UDVDGHWDOSURSRVHG6XSHUYLVHG
/HDUQLQJ LQ 4XHVW GHFLVLRQ WUHH IRU SUHGLFWLRQ RI SUHFLSLWDWLRQ DWPRVSKHULF QLPEXV FORXGV 7KH SUHGLFWLRQ RI
3UDVDGHW DOZLWKDQDFFXUDF\RIPD\EHKHOSIXO LQ ILQDQFLDOSODQQLQJRIDSRSXORXVFRXQWULHV OLNH ,QGLD
,EUDKLPHWDODSSOLHGQHXUDOQHWZRUNWHFKQLTXHVIRUYHKLFOHOLFHQVHSODWHUHFRJQLWLRQV\VWHP)XUWKHUWKHDXWKRUV
KDYHDGDSWHGDQDOJRULWKPZLWKSURRILQWRWKHVROXWLRQIRUSDUNLQJPDQDJHPHQWV\VWHPLQWKHVDPHZRUN
7KLV SDSHU LV RUJDQL]HG DV IROORZV VHFWLRQ  KDV WKH GHWDLOV RI &::  ,Q VHFWLRQ  ZH KDYH GHILQHG SURSRVHG
V\VWHP,QVHFWLRQZHKDYHH[SODLQHGH[SHULPHQWDOZRUNDQGUHVXOWV7KHILQDOVHFWLRQFRQVLVWVRIFRQFOXVLRQDQG
IXWXUHZRUN
&RPSXWLQJ:LWK:RUGV
,QSURSRVHGZRUNWKHFRQFHSWRI&::YL])X]]\*UDQXOH3RVVLELOLVWLF&RQVWUDLQWVDQG*&/DUHXVHG7KHVH
FRQFHSWV DUH DSSOLHG IRU WKH UHFRJQLWLRQ RI IDFH RQ WKH EDVLV RI SHUFHSWLRQV 9DULRXV IX]]\ REMHFWV DUH XVHG IRU
GHVFULELQJ GLIIHUHQW SDUWV RI IDFH 7KLV V\VWHP LV VHW RXW WR GUDZ WKH IDFH VNHWFK RI FULPLQDO RQ WKH EDVLV RI
SHUFHSWLRQVEDVHGYHUEDOGHVFULSWLRQRIWKHRQORRNHU
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µLVU¶LVDYDULDEOHFRSXODLQZKLFKµU¶LVDYDULDEOH
ZKRVHYDOXHGHVFULEHVWKHPHWKRGLQZKLFK5FRQVWUDLQV;,QWKLVZRUNZHDUHXVLQJRQO\SRVVLELOLVWLFFRQVWUDLQW
ZKLFKZLOOEHGLVFXVVHGLQGHWDLOODWHURQ7KHGHWDLORIYDULRXVFRQVWUDLQWFDQEHIRXQGLQ,Q*&/µ;LV5¶LVWKH
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ܲ ൌ 
,QWKLVFDVHWKHFRQVWUDLQHGYDULDEOHLVWKH1RVHZKLFKPD\EHH[SUHVVHGDV
ܺ ൌ ܵ݅ݖ݁ሺܰ݋ݏ݁ሻ ൌ ܲܽݎݐሾܰܽ݉݁ ൌ ܰ݋ݏ݁ሿ
7KHFRQVWUDLQLQJUHODWLRQµ5¶LVJLYHQE\5 6L]H
ZKLFKLPSOLHVWKDWWKHOLQJXLVWLFKHGJHVµIDLUO\¶LQWHUSUHWHG
DVDVTXDULQJRSHUDWLRQDQGWKHQHJDWLRQDVWKHRSHUDWLRQRIFRPSOHPHQWDWLRQ(TXLYDOHQWO\5PD\EHH[SUHVVHG
DV   ܴ ൌ ݄ܵ݋ݎݐሾܰ݋ݏ݁Ǣ ͳ െ Ɋଶሿ
3RVVLELOLVWLFFRQVWUDLQW
:KHQWKHYDOXHRIFRSXODULVEODQNLQ;LVU5;LV5DEEUHYLDWHGWR;³H]DU´$QG5FRQVWUDLQV;DVSRVVLELOLW\
GLVWULEXWLRQRI;0RUHSUHFLVHO\
,I;WDNHVYDOXHVLQDXQLYHUVHRIGLVFRXUVHܷ ൌ ሼݑሽ
7KHQܲ݋ݏݏሼܺ ൌ ݑሽ ൌ ߨ௫ሺݑሻ ൌ ߤோሺݑሻ
ZKHUH5LVWKHPHPEHUVKLSIXQFWLRQRI5DQGȆ;LVWKHSRVVLELOLW\GLVWULEXWLRQRI;WKDWLVWKHIX]]\VHWRILWV
SRVVLEOHYDOXHV;LVU5LVJLYHQE\
ߨ௫ሺݑሻ ൌ ߤோሺݑሻ
,Q WKHIROORZLQJH[DPSOHZHKDYHH[SORUH WKHFRQFHSWRISRVVLELOLW\GLVWULEXWLRQ LQD IX]]\VHW:HKDYHDVHWRI
SRVVLEOHYDOXHVWKDWPD\EHWDNHQE\;DUH7KHSRVVLELOLW\GLVWULEXWLRQLV
ߨ௫ ൌ ͳȀͲ ൅ ͳȀͳ ൅ ͲǤͺȀͶ ൅ ͲǤ͹Ȁ͵
ܲ݋ݏݏሼܺ ൌ ͵ሽ ൌ ͲǤ͹
)RULQVWDQFHµ¶PHDQVWKHSRVVLELOLW\RIWKDWWKHYDOXHRI;LVLV
3RVVLELOLW\GLVWULEXWLRQZLWKKHGJHV
,QSURSRVHGZRUN/LQJXLVWLFKHGJHVDUHGHILQHGDVXQDU\RSHUDWRUVRQIX]]\VHWV7KHOLQJXLVWLFKHGJHµYHU\¶LV
GHILQHGDV&RQFHQWUDWLRQ&21RSHUDWLRQDQGµIDLUO\¶LVGHILQHGDV'LODWLRQ',/RSHUDWLRQ
 &RQFHQWUDWLRQ
ݒ݁ݎݕሺܺሻ ൌ ܥܱܰሺܺሻ ൌ ߤ஼ைேሺ௑ሻሺݑሻ ൌ ߤ௫ሺݑሻଶ
  ;LVYHU\VPDOOÆς௫ ൌ ሺݏ݈݈݉ܽሻଶ
ς௫ሺݑሻ ൌ ߤ௦௠௔௟௟ሺݑሻଶ 
 'LODWLRQ
IDLUO\ሺܺሻ ൌ ܦܫܮሺܺሻ ൌ ߤ஽ூ௅ሺ௑ሻሺݑሻ ൌ ߤ௑ሺݑሻଵȀଶ
  ;LVIDLUO\VPDOOÆς௫ ൌ ሺݏ݈݈݉ܽሻଵȀଶ
ς௫ሺݑሻ ൌ ߤ௦௠௔௟௟ሺݑሻଵȀଶ
1HJDWLRQSRVVLELOLW\GLVWULEXWLRQ
;LVQRWVPDOOÆς௫ ൌ ሺݏ݈݈݉ܽሻƍ
ς௫ ൌ ͳ െ ߤ௦௠௔௟௟ሺݑሻ
;LVQRWYHU\VPDOOÆς௫ ൌ ሺሺݏ݈݈݉ܽሻƍሻଶ
 ς௫ሺݑሻ ൌ ͳ െ ߤ௦௠௔௟௟ሺݑሻଶ
7KHµYHU\¶KHGJHVPDNHVWURQJHUWKHSRVLWLYHPHDQLQJRIWUXHZKLOHIDLUO\ZHDNHQVLWVSRVLWLYHPHDQLQJ6RZH
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KDYH XVHG D SDUDPHWULF UHSUHVHQWDWLRQ RI OLQJXLVWLF KHGJHV RI IX]]\ ORJLF,Q DXWKRUV KDYH HVWDEOLVKHG EDVLF
OLQJXLVWLFWUXWKH[SUHVVLRQVFRQFRPLWDQWZLWKFRUUHVSRQGLQJSDUDPHWHUVDVIROORZV
3DUDPHWULFUHSUHVHQWDWLRQRIµYHU\OLQJXLVWLFKHGJHV¶
 
;LVODUJHÆς௫ሺݑሻ ൌ ௟௔௥௚௘ሺݑሻ
 ;LVYHU\ODUJHÆς௫ ൌ ሺ݈ܽݎ݃݁ሻଵȀଶ
ς௫ሺݑሻ ൌ ௟௔௥௚௘ሺݑሻ
ଵȀଶ
3DUDPHWULFUHSUHVHQWDWLRQRIµIDLUO\OLQJXLVWLFKHGJHV¶RIIX]]\ORJLF

;LVVPDOOς௫ሺݑሻ ൌ ௦௠௔௟௟ሺݑሻ
 ;LVIDLUO\VPDOOÆς௫ ൌ ሺݏ݈݈݉ܽሻଶ
ς௫ሺݑሻ ൌ ௦௠௔௟௟ሺݑሻ
ଶ 
3URSRVHGV\VWHP
,QSURSRVHGV\VWHPDVHWRIGHVFULSWLRQRIFULPLQDO¶VIDFHLVVWRUHGLQGDWDEDVHDORQJZLWKPHPEHUVKLSYDOXHVRI
GLIIHUHQWSDUWVRIIDFH:KHQHYHUDQ\LQSXWVWDWHPHQWLVVXEPLWWHGE\RQORRNHUVDVHWRISRVVLEOHIDFLDOLPDJHVDUH
UHWULHYHG0RUHRYHUWKHIVLPLODULW\RIVWRUHGLPDJHVLVHVWLPDWHGZLWKUHVSHFWWRLQSXWVWDWHPHQWVE\XVLQJµDVPDQ\
DV SRVVLEOH¶ IX]]\ TXDQWLILHU +RZHYHU WKH FRQFHSW RI UHOHYDQFH PDWUL[ LV XVHG IRU UDQNLQJ WKHVH LPDJHV LQ
GHFUHDVLQJRUGHU
)RUPDOL]DWLRQRIGLIIHUHQWSDUWVRIIDFH
,QWKLVZRUNZHDUHWDNLQJWKHOHQJWKDQGEUHDGWKRIIDFHDVDQGLQFKHVUHVSHFWLYHO\:HDUHUHVHUYLQJH\H
DUHD[LQFKHVDVVKRZQLQ)LJD7KHDUHDIRUQRVHOHQJWKLVDVVXPHGDVLQFKHV5HVWRIWKHDUHDLVUHVHUYHG
IRUOLSVFKLQDQGIRUHKHDG

  






)LJ DIUDPHZRUNIRUFRPSRQHQWVRIIDFHEIDFHVL]HDVDIX]]\JUDQXOHZLWKGLIIHUHQWFRQVWUDLQWV
7KHVL]HDQGW\SHRIVKDSHPD\YDU\DVSHUUHTXLUHPHQWV7KHPHPEHUVKLSIXQFWLRQVRISDUWVRIIDFHJLYHQE\
ሺ݌ܽݎݐݏሻ ൌ ቄݔȀܾ݂݅Ͳ ൏ ݔ ൏ ܾ
Ͳ݋ݐ݄݁ݎݓ݅ݏ݁
ቅሺͳሻ

ZKHUH µE¶ LV D UHDO QXPEHU 7KH YDOXH RI E  LQFKHV EHFDXVH LW LV WKH ODUJHVW QXPEHU DQG KDV EHHQ XVHG IRU
QRUPDOL]LQJUHVWRIWKHFRPSRQHQWRIIDFH$VVKRZQLQ)LJDWKHOHQJWKRIIDFHLVLQFKHVZKLFKLVPD[LPXP
YDOXH:KHUHWKHYDULDEOHV[[[DQG[DUHWDNHQIURP)LJEDQGYDULDEOH[LVWKHODUJHVWYDOXH$OOWKHSDUWV
RI IDFH DUH QRUPDOL]HG E\ [ LH  LQFKHV 7KH YDOXHV RI [ [ DQG [ DUH XVHG IRU VPDOO PHGLXP DQG ODUJH
FRQVWUDLQWV UHVSHFWLYHO\7KH VKDSHRI IRUHKHDGV H\HV QRVH OLSVDQGFKLQVDUHFRQVLGHUHGDV IX]]\VHPLFLUFOH I
VHPLFLUFOHIX]]\ IFLUFOH IX]]\ WULDQJOH IWULDQJOHIX]]\ FLUFOH IFLUFOH DQG IX]]\ VHPLFLUFOH IVHPLFLUFOH
UHVSHFWLYHO\ZKLFKDUHVKRZQLQ)LJDEDQG)LJDE7KHVL]HRIGLIIHUHQWSDUWVRIIDFHLVVKRZQLQµ7DEOH
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¶ZLWKµVPDOO¶µPHGLXP¶DQGµODUJH¶FRQVWUDLQWV
7DEOH6L]HRIGLIIHUHQWSDUWVRIIDFHLQLQFKHV
3DUWVRIIDFH 6PDOO[ 0HGLXP[ /DUJH[
)RUHKHDG    
(\H   
1RVH   
/LSVFKLQ   

 





)LJ DGLIIHUHQWW\SHVRIIRUHKHDGZLWKVHPLFLUFOHVKDSHVEGLIIHUHQWW\SHVRIH\HVZLWKFLUFXODUVKDSHV



)LJ DGLIIHUHQWW\SHVRIQRVHZLWKWULDQJOHVKDSHVEGLIIHUHQWW\SHVRIFKLQVZLWKVHPLFLUFOHVKDSHV
)LUVWRIDOOZHKDYHSUHSURFHVVHGWKHLQSXWTXHU\E\SRWWHUVWHPPHUDOJRULWKP$IWHUSUHSURFHVVLQJWKHVWDWHPHQW
LVFRQYHUWHGLQWR*&/LHLQWKHIRUPRI;LV5RU
;Æ5RU1RVHÆYHU\VPDOO
7KHPHPEHUVKLSYDOXHVRIGLIIHUHQWSDUWVRQWKHEDVLVRIµ3RVVLELOLVWLFFRQVWUDLQWV¶KDYHVKRZQLQ7DEOHDQG
7DEOH0HPEHUVKLSYDOXHVRIGLIIHUHQWSDUWVRIIDFHZLWKVPDOOFRQVWUDLQWVDQG¶IDLUO\¶OLQJXLVWLFKHGJHV
3DUWVRIIDFH VPDOO QRWVPDOO IDLUO\VPDOO QRWIDLUO\VPDOO
)RUHKHDG     
(\H    
1RVH    
/LSVFKLQ    
7DEOH0HPEHUVKLSYDOXHVRIGLIIHUHQWSDUWVRIIDFHZLWKPHGLXPFRQVWUDLQWVDQGODUJHFRQVWUDLQWVZLWK
YHU\¶OLQJXLVWLFKHGJHV
3DUWVRIIDFH PHGLXP QRWPHGLXP ODUJH QRWODUJH YHU\ODUJH QRWYHU\ODUJH
)RUHKHDG      
(\H      
1RVH      
/LSVFKLQ      
7DEOH0HPEHUVKLSYDOXHVRIGLIIHUHQWSDUWVRIIDFHDIWHUDSSO\LQJSDUDPHWULFUHSUHVHQWDWLRQRIOLQJXLVWLFKHGJHVµIDLUO\¶DQGµYHU\¶RQ
VPDOODQGODUJHFRQVWUDLQWUHVSHFWLYHO\
3DUWVRIIDFH VPDOO IDLUO\VPDOO QRWIDLUO\VPDOO ODUJH YHU\ODUJH QRWYHU\ODUJH
)RUHKHDG       
(\H      
1RVH      
/LSVFKLQ      



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2UGHUHG:HLJKWHG$YHUDJLQJ
2UGHUHG :HLJKWHG $YHUDJLQJ 2:$ ZDV RULJLQDOO\ LQWURGXFHG E\ <DJHU 2:$ RSHUDWRUV DUH DSSOLFDEOH
ZKHUH WKH GHFLVLRQ OLH VRPHZKHUH EHWZHHQ 25QHVV DQG $1'QHVV 'HWDLO GLVFXVVLRQ DERXW WKH EHKDYLRXU RI
RSHUDWRUVLVLQ
7KH2:$RSHUDWLRQLQYROYHVIROORZLQJWKUHHVWHSV
5HDUUDQJHPHQWRILQSXWV
 7KHLQSXWSDUDPHWHU[[[«[QUHDUUDQJHGLQGHFUHDVLQJRUGHU\\\«\P+RZHYHUWKH
ZHLJKWVZMRIWKHRSHUDWRU5DUHQRWUHODWHGZLWKDQ\H[DFWYDOXHRI[MLQVWHDGWKH\DUHUHODWHGZLWKWKHRUGLQDO
SRVLWLRQRI\M
:HLJKWGHWHUPLQDWLRQ
 7KHPDWKHPDWLFDOUHSUHVHQWDWLRQRIUHODWLYHTXDQWLILHUFDQEHUHSUHVHQWHGDV

ܳሺݎሻ ൌ ቐ
Ͳ݂݅ݎҸܽ
ሺݎ െ ܽሻȀሺܾ െ ܽሻ݂݅ܽ ൑ ݎ ൑ ܾ
ͳ݂݅ݎҹܾ
ቑሺʹሻ
ZKHUHDEUא>@
<DJHUFDOFXODWHVWKHZHLJKWVZMIURPWKHIXQFWLRQ4GHVFULELQJWKHTXDQWLILHUZLWKPQXPEHURIFULWHULD
௝ܹ ൌ ܳሺ݆Ȁ݉ሻ െ ܳሺሺ݆ െ ͳሻሻȀ݉ሺ͵ሻ
ZKHUHM PDQG4 








)LJ OLQJXLVWLFTXDQWLILHU
7KHUHODWLYHTXDQWLILHUVSLFWRULDOO\UHSUHVHQWHGDVLQ)LJ7KLVVKRZVWKHUHODWLYHTXDQWLILHUV³PRVW´³DWOHDVWKDOI´
DQG³DVPDQ\DVSRVVLEOH´WDNLQJWKHSDUDPHWHUµD¶DQGµE¶DVDQGUHVSHFWLYHO\

$JJUHJDWLRQRIZHLJKWVZLWKLQSXW
 2:$GHWHUPLQHVWKHIVLPLODULW\LQIREMHFWVE\DJJUHJDWLQJWKHPXOWLSOLFDWLRQRIGHFUHDVLQJRUGHURILQSXW
SDUDPHWHUDQGZHLJKWDVVKRZQLQHTXDWLRQ:KHUH; [[[«[PDUHLQSXWSDUDPHWHUVZLWKWKHPXOWL
FULWHULDRIVL]HP7KH\LLVWKHMWKODUJHVWLQSXWSDUDPHWHU
ܱܹܣሺݔଵǡ ݔଶǡ ݔଷǡ ǥǥ Ǥ Ǥ ݔ௠ሻ ൌ σݓ௝ݕ௝ሺͶሻ
݂݋ݎ ൌ ͳݐ݋݉
([SHULPHQWDOZRUNVDQGUHVXOWV
)RU H[SHULPHQWDO ZRUN µTXHU\ VWDWHPHQW¶ VXEPLWWHG E\ RQORRNHUV LV WDNHQ DV LQSXW 7KHVH DUH VXSSRVHG WR EH
GHVFULSWLRQ RI IDFLDO LPDJH :H KDYH HVWLPDWHG UHOHYDQF\ RI LQSXW LPDJH ZLWK RWKHU VWRUHG LPDJHV E\ XVLQJ
UHOHYDQFHPDWUL[7KHUDQNLQJRIGLIIHUHQWIDFHVDUHVKRZQLQ)LJLQGHFUHDVLQJRUGHURIIVLPLODULW\
4XHU\6WDWHPHQW³+HKDVODUJHIRUHKHDG+LVH\HVDUHODUJH+HKDVDODUJHQRVH+HKDVODUJHOLSV+HKDVDODUJH
FKLQ´
'HVFULSWLRQRI)DFLDO,PDJH³+HKDVODUJHIRUHKHDG+LVH\HVDUHODUJH+HKDVDODUJHQRVH+HKDVODUJHOLSV
      +HKDVDODUJHFKLQ´
'HVFULSWLRQRI)DFLDO,PDJH³+HKDVDYHU\ODUJHIRUHKHDG+LVH\HVDUHODUJH+HKDVDODUJHQRVH+HKDVODUJH
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     OLSV+HKDVDODUJHFKLQ
'HVFULSWLRQRI)DFLDO,PDJH³+HKDVDODUJHIRUHKHDG(\HVDUHODUJH+HKDVDODUJHQRVH+HKDVVPDOOOLSV+H
     KDVDVPDOOFKLQ´
'HVFULSWLRQRI)DFLDO,PDJH³+HKDVODUJHIRUHKHDG(\HVDUHVPDOO+HKDVDODUJHQRVH+HKDVVPDOOOLSV+H
     KDVDODUJHFKLQ´
'HVFULSWLRQRI)DFLDO,PDJH³+HKDVYHU\ODUJHIRUHKHDG+LVH\HVDUHVPDOO+HKDVDODUJHQRVH+HKDVODUJH
     OLSV+HKDVDODUJHFKLQ´
([DPSOH7KH VL]H RI  ODUJH IRUHKHDG H\HV QRVH OLSV  DQG FKLQ LQ LQFKHV  DUH ^` LQ WXUQV
PHPEHUVKLS^`UHVSHFWLYHO\E\XVLQJ
)RUHVWLPDWLQJIVLPLODULW\RIDIDFHKDYLQJWKHGHVFULSWLRQRIDOOWKHIDFLDOLPDJHVWKHPHPEHUVKLSYDOXHVDUHJLYHQ
E\HTXDWLRQ/HWWKHUHOHYDQFHPDWUL[5ZLWKIDFHGHVFULSWLRQVHW^'''''`DQGVHWRIPHPEHUVKLS
YDOXHVRIIHDWXUHVEHJLYHQDV
ܦͳ
ʹ
ܴ ൌ ܦ͵
ܦͶ
ܦͷ ۏ
ێ
ێ
ێ
ۍ
ͲǤ͸͹ͷ ͲǤͶͷ ͲǤ͸ ͲǤͶͷ ͲǤͶͷ
ͲǤ͸ ͲǤͶͷ ͲǤͶͷ ͲǤͶͷ ͲǤͶͷ
ͲǤ͸͹ͷ
ͲǤ͸͹ͷ
ͲǤ͸
ͲǤͶͷ
ͲǤͶͷ
ͲǤͶͷ
ͲǤ͸
ͲǤ͸
ͲǤͶͷ͸
ͲǤͳʹͷ
ͲǤʹͷ
ͲǤͶͷ
ͲǤͳʹͷ
ͲǤͳʹͷ
ͲǤʹͷ ے
ۑ
ۑ
ۑ
ې

)RU WKH IHDWXUH GHVFULSWLRQ ' ³DV PDQ\ DV SRVVLEOH´ ^'''''` ZH ZRXOG KDYH WKH ZHLJKWV
Z Z Z Z Z  ZKLFK DUH JHQHUDWHG E\   DQG  IRU µP¶  LH LQ WKLV ZRUN ZH KDYH
FRQVLGHUHGILYHPDLQSDUWVRIIDFHYL]IRUHKHDGH\HVQRVHOLSVDQGFKLQ
7KHRUGHUHGUHOHYDQFHPDWUL[ZLWKUHVSHFWWRWKHGHVFULSWLRQLVWKHQJLYHQDVIROORZV
'5 
ۏ
ێ
ێ
ێ
ۍ
ͲǤͲͲǤ͸͹ͷ ͲǤͲݔͲǤ͸͹ͷ ͲǤʹݔͲǤ͸͹ͷ ͲǤͶݔͲǤ͸ͲͲ ͲǤͶݔͲǤ͸ͲͲ
ͲǤͲݔͲǤͶͷͲ ͲǤͲݔͲǤͶͷͲ ͲǤʹݔͲǤͶͷͲ ͲǤͶݔͲǤͶͷͲ ͲǤͶݔͲǤͶͷͲ
ͲǤͲݔͲǤ͸ͲͲ ͲǤͲݔͲǤ͸ͲͲ ͲǤʹݔͲǤ͸ͲͲ ͲǤͶݔͲǤͶͷ͸ ͲǤͶݔͲǤͶͷͲ
ͲǤͲݔͲǤͶͷͲ ͲǤͲݔͲǤͶͷͲ ͲǤʹݔͲǤͶͷͲ ͲǤͶݔͲǤʹͷͲ ͲǤͶݔͲǤͳʹͷ
ͲǤͲݔͲǤͶͷͲ ͲǤͲݔͲǤͶͷͲ ͲǤʹݔͲǤʹͷͲ ͲǤͶݔͲǤͳʹͷ ͲǤͶݔͲǤͳʹͷے
ۑ
ۑ
ۑ
ې
 
ۏ
ێ
ێ
ێ
ۍ
ͲǤͶͷ
ͲǤͶͷ
ͲǤͳͻ
ͲǤʹͶ
ͲǤ͵͹ے
ۑ
ۑ
ۑ
ې

'HFUHDVLQJRUGHUVRUWRQWKHHOHPHQWVRIGHVFULSWLRQUHOHYDQFHYHFWRU'5JLYHVWKHUHVXOWVRIWKHTXHU\DV
''!'!'!'
5DQNLQJ     

  

,PDJH,'

)DFLDO,PDJH

)DFLDO,PDJH

)DFLDO,PDJH

)DFLDO,PDJH

)DFLDO,PDJH

)LJ UDQNLQJRIIDFLDOLPDJHVLQGHFUHDVLQJRUGHURIUHOHYDQF\
&RQFOXVLRQDQG)XWXUH'LUHFWLRQV
7KH FRQFHSWV RI IJHRPHWU\ DQG&::DUH FRPELQHG IRU WKH LGHQWLILFDWLRQRIPLVFUHDQW¶V IDFH 7KH FRQFHSWV RI
IX]]\ JUDQXOH SRVVLELOLVWLF FRQVWUDLQWV DQG *HQHUDOL]H &RQVWUDLQWV /DQJXDJH DUH WKH IRXQGDWLRQ RI &:: 7KH
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